The microgeographic differentiation of allelic frequencies was analysed in two population samples of Calomys laucha, collected in a grid set in cultivated fields at Laguna Larga (Córdoba province, Argentina). One of the samples (n = 79) was obtained in May (autumn), when the population density is at a maximum, and the other (n =85) in November (spring), at the onset of reproductive activity. FST values for the November sample show significant differences between the six groups over which the sample was divided. F values show an excess of homozygotes for some loci in both samples. F1 reveals an excess of homozygotes within each of the groups. These results indicate the existence of subdivision in the population. Because C. laucha is a reservoir host of the Junin virus, an agent of endemic disease, this social organization may have epidemiological implications. Stratification of C. laucha populations into small breeding units could be one of the factors responsible for the high genic variability detected in this species.
Introduction
The analysis of stochastic and selective processes responsible for the maintenance of genic variability and short-term evolution of natural populations, requires the knowledge of effective population size, social organization and rate of gene flow among groups or sub-groups. For example, genetic drift can produce significant changes in the genetic pool of a population in a relatively short time, when populations are subdivided into small breeding units (Wright, 1980). In the variety of small mammals, mostly rodents, studied to date, genetic differentiation among subpopulations over short geographic distances appears to be the rule (Selander, 1970; Patton & Yang, 1977; Wright, 1978; Smith et al., 1978; Patton & Feder, 1981; Chesser, 1983) . Geographic barriers, strict social systems, or low mobility of individuals, are usually factors that contribute to the existence of small breeding units, which may differ in genic frequencies according to migration rate and local selective pressures. Calomys laucha is a cricetid rodent that inhabits fields dedicated to agriculture in the temperate climate zone of Argentina known as 'humid pampa'. Previous 411 studies from this laboratory show that natural populations of this species present a high genetic variability (Garcia & Gardenal, 1989; . The proportion of polymorphic loci ranges between 0.625 and 0.773, and the mean heterozygosity per locus, between 0.118 and 0.163 (Garcia etal., 1990) . Analysis of genotype distribution revealed a significant excess of homozygotes in some of the polymorphic loci. This observation suggests the possible existence of population subdivisions into groups with restricted genic exchange.
The study of the genetic structure of populations and its relationship to their social system, is facilitated in species with fossorial habits which allow identification of different family groups. In contrast, C. laucha lives in shallow and temporary nests, making it difficult to define breeding units. However, the relation between social organization and the genetic structure of the population may be inferred by analysing genic heterogeneity in different subareas of the same field.
Investigations of the social structure of C. laucha populations present an additional interest, because this species is the reservoir host of the Junin virus, an agent of Argentine haemorrhagic fever, an endemic disease of the central-eastern plains of Argentina. Knowledge of the social system of the host rodent may be important from the epidemiological point of view, because it is related to the possibilities of virus transmission among the members of natural populations. This paper presents a study of microgeographic differentiation of allelic frequencies during two distinct stages of the C. laucha population cycle: (a) during the 'peak' of population density, when there is clear predominance of young individuals (autumn), (b) at the onset of reproductive activity, when adults are predominant (spring).
Materials and methods
Specimens of Calomys laucha were collected in fields at Laguna Larga(31°46S, 63°48W, 60km SE Córdoba city, Argentina) during May (autumn) and November (spring) of 1981. The field in which the May sample was obtained was planted with sorghum and that of the November sample, about 1 km from the first, had After thawing at room temperature, animals were dissected to remove their liver and kidneys. Preparation of tissue extracts, electrophoresis in starch gel and staining to reveal enzyme activity were as described by Gardenal etal. (1980 Gardenal etal. ( , 1990 and Garcia etal. (1990) .
The following enzymes were analysed: acid phosphatase (EC 3.1.3.2) from liver (AcPL) and kidney (AcPK), alcohol dehydrogenase (EC 1.1.1.1, ADH), aspartate aminotransferase (EC 2.6.1.1) cytosolic (AAT-1) and mitochondrial (AAT-2), esterases (EC 3.1.1.1, Es-i, Es-2, Es-4, Es-S and Es-6), glycerophosphate dehydrogenase (EC 1. The microgeograiic distribution of allelic frequencies was analysed by applying the F statistics (Wright, 1965) , as modified by Nei(1977) . Significance of the excess or deficiency of heterozygotes within each of the subdivisions and in the whole population sample was estimated with the formula: x2= F2N(k -1), where N is the number of individuals analysed and k, the number of alleles for each locus, with n -r degrees of freedom, n being the number of possible phenotypes and rthe number of alleles (Li & Horvitz, 1953) .
The significance of allelic differences among the samples from each subdivision was calculated using the formula: x22NF(k1), with (k-1)(s-1) degrees of freedom, where s is the number of sections (Workman & Niswander, 1970) .
Results
During 4 Tables 1 and 2 , respectively. Values of FIT show a significant excess of homozygotes for loci A at-i, Adh and Es-6 in the autumn sample, and for Adh, Es-2, Es-4, Es-5, Es-6 and Hxdh in the spring sample. The high values of F1 obtained for Aat-1, Adh and Es-6 in the May sample and for Adh, Es-4, Es-5, Es-6 and Hxdh in November, showed a significant excess of homozygotes within each of the subdivisions.
In the two population samples, individuals that lacked Es-6 activity were observed. Breeding experiments in a laboratory colony confirmed the existence of a null allele at the Es-6 (Garcia & Gardenal, 1989) .
Discussion
Previous studies in this laboratory demonstrated a high enzyme polymorphism in natural populations of Calomys laucha (Garcia & Gardenal, 1989; . The samples obtained during May and November 1981 in the area of previous collections showed, in addition to the high variability, a significant excess of homozygotes at several loci.
The existence of a null allele usually leads to an underestimation of heterozygotes for the locus affected. This could explain, at least partly, the excess of homozygotes in the locus of Es-6. In none of the other loci analysed could null alleles be demonstrated. stratification in the population, e.g. subdivision into breeding units with restricted possibilities of genic exchange. Subdivision of the population into groups or strata differing in allele frequencies produces an effect similar to that originated by inbreeding, even if random mating was the rule within each subpopulation (Wahlund effect) (Spiess, 1977) .
Studies conducted in rodent communities that inhabit fields in Pergamino (Buenos Aires province) and RIo Cuarto (Cdrdoba province) demonstrated the predominance of C. laucha over other species at the time when summer cultures are ripe (Kravetz & de Villafañe, 1981; Kravetz & Polop, 1983) . At the beginning of spring, fields are sown and colonization by Calomys starts. Exploitation of this habitat implies invasion by individuals that establish different founder groups, whose reproductive activity will produce a marked increment in population density, parallel to maturation of crops. By the end of autumn, perturbation produced by the harvest initiates the decline in density. With the onset of winter, low temperatures and the scarcity of food and shelter increase the mortality rate. When a new seeding season begins, the field is recolonized by individuals not necessarily representing a random sample of the population geneic pool. With the succession of cycles, the founder effect would tend to increase the variance of geneic frequencies among subgroups. This may explain the microgeographic differentiation observed in the spring sample. If the social system was loose enough to allow genic flow among subgroups, the May sample (maximum population density generated by matings among the spring invader groups) should be genetically more homogeneous.
The average FST for population samples of C.
laucha indicate that from 0.038 to 0.062, in autumn and spring, respectively, of the local variation in allelic frequencies is related to genie differences among subgroups. These values are within the range of those reported for different rodent populations, like that of Thomomys bottae, with FST from 0.049 to 0.066 (Patton & Feder, 1981) , Cynomys ludovicianus, with FST from 0.045 to 0.065 (Chesser, 1983) and different colonies of Marmota flaviventris, with FST of 0.07 (Schwartz & Armitage, 1980) . In these three species, it is possible to define the actual breeding units. In our samples, within each of the lots dividing the grid, a significant excess of homozygotes was observed in three of the polymorphic loci in the autumn sample and in five loci in the spring sample, which suggests inbreeding and/or a high degree of subdivision in the population. It must be emphasized that observations of a greater stratification within each subdivision were not possible because C. laucha inhabits shallow nests, making it difficult to identify breeding units. Pooling of these units, as we did by grouping animals from many adjacent trap sites, would produce an increment of F15
and F values at the expense of a reduction in FST. By the end of autumn and the beginning of winter, because of harvesting activities, territorial markings are lost, interspecies competition increases and most rodents migrate to other areas. All these factors produce an important social disruption. Kravetz & de Villafañe (1981) collected C. laucha in a corn field just before harvest, with traps set following a pattern of concentric squares. Animals trapped in the periphery were tagged and freed in the same site; those caught within the squares were removed. None of the individuals from peripheric lines was recaptured in the central areas, indicating that there was no invasion from the periphery as animals were removed from the field.
Although it is known that the population density is very high in fields with ripe cultures, determinations of absolute densities have not been performed. From the similarity of conditions between our study and that of Kravetz & de Villafañe (1981) , it can be assumed that removal of about 80 individuals during 4-8 day periods in an area of 9600 m2 should not produce significant inter-zone migrations.
The marked polymorphism detected in these populations may be related to their social structure.
One of the mechanisms that contributes to the maintenance of genetic variability in natural populations may be the existence of small breeding units, in which selectively advantageous genotypes have a greater probability of increasing their frequencies (Slatkin, 1976) . Rare allele combinations generated by selection or genetic drift, contribute to the maintenance of polymorphism in the population (Christiansen, 1974 (Christiansen, , 1975 Chesser et at., 1980; Karlin & Campbell, 1980) , favouring a faster evolution of the species with a heterogeneous spatial distribution (Wright, 1980) . Subdivision of C. laucha populations could be one of the factors responsible for the high genic variability detected.
Because of the involvement of C. laucha in the transmission of Argentine haemorrhagic fever, a social organization of its populations in groups with limited genic flow, could be a factor that tends to reduce the possibilities of Junin virus dispersal. However, patterns of dispersal on a macrogeographic scale have to be taken into account when analysing the problem of the progression of the endemy.
